In this paper, the vibration analysis in terms of modal and harmonic responses are investigated for the power station structure of Kenyir Dam in Terengganu, Malaysia. Modal analysis is carried out to provide the dynamic characteristics of the power station which includes the natural frequencies and mode shapes. Meanwhile, the harmonic response analysis is performed by applying the force to the structure to obtain the Frequency Response Function (FRF) in certain range of frequencies. A real scale threedimensional (3D) model of the Kenyir Dam power station is constructed using SolidWorks software and imported to ANSYS software for the Finite Element (FE) analysis. A proper boundary condition is taken into consideration to demonstrate the real behaviour of the power station structure. From the results, six most significant natural frequencies and mode shapes including the FRF in all three axes are selected. The highest natural frequency value occurred at 5.4 Hz with the maximum deflection of 0.90361 m in the z axis direction. This value is important in order to verify whether the structure can overcome the resonance phenomenon from the external disturbance forces in the future.
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INTRODUCTION
Dam is a large civil structure that built to hold back the water and control the water level in the reservoir. Besides, the hydropower type dam is used for generating the clean and renewable electricity which gives a great impact to the human civilisation. Kenyir Dam or Sultan Mahmud Power Station that located in Terengganu, Malaysia is an example of the hydropower type dam. This dam is built based on the earth core rock fill, which has an asymmetrical form in dam axis section [1] . Power station is one of the most important part of the dam structure and usually located at the downstream area of the dam. This structure plays an important role in generating an electricity since the turbine and generator are located here. Water from the upstream will flow through the tunnel and towards the turbine which located in the power station [2] . Due to high location of water entrance, the potential energy of water can be converted into the electrical energy based on law of energy conservation [2, 3] . According to Kulkarni et al., [4] , some important parameters such as hydraulic characteristics and flow of water from upstream as well as downstream need to be studied for the dam structure. Through this study, it is possible to learn the vibration effect and determine the durability level of the structure. Thus, it is necessary to investigate the dynamic characteristics of the dam structure which includes modal and harmonic response analyses. In general, there are two ways to conduct modal and harmonic response analyses using the ANSYS software. Firstly, it can be done in ANSYS APDL workbench and secondly in ANSYS Modal-Harmonic workbench. The second method of using ANSYS Modal-Harmonic workbench is more preferable than ANSYS APDL since the workbench platform is newly developed, faster and more efficient for the interaction between external tools such as CAD software and other systems [5] . In addition, since the ability to model the interaction between geometries or regions are important for running the simulation, ANSYS Modal-Harmonic workbench offered a better contact analysis features [6] . The dynamic analysis of dam structure can be conducted using static and modal analysis, whilst for the dam concrete, foundation and materials are assumed to be homogenous and isotropic with linear-elastic behaviour [7] . General procedure for the response analysis which includes the dynamic effects of water and the flexible foundation movement have been introduced by Chopra and Chakrabarti [8] . Khosravi and Heydari [9] also stated that there are three famous approaches to solve dam structure interaction problems, which are: Westergaard approach, Eulerian approach and Langrangian approach. Langrangian approach is the most desirable Finite Element Method (FEM) since in this approach, the fluid behaviour and structure can be expressed in terms of displacements. The compatibility of the nodes interaction and formulation that dealing with the structure deformation make it readily incorporated into a structural analysis [10] . Modal and harmonic analyses can be conducted in ANSYS software using FEM which able to solve complex geometries and dealing with various case studies [11] . This numerical method provide an accurate engineering problem solution by replacing a complicated problem with a simpler one [12] . From this analysis, the dynamic parameters such as stress, strain, pressure and deflection can be obtained which useful for further analysis of the dam structure [13] . Khan and Awari [14] also stated that, from modal analysis, a lot of vibration case studies including the main structure and dam components can be investigated. Through the harmonic analysis, the frequency response function (FRF) can be determined. FRF is the key result from the modal analysis study where it can shows the relationship between excitation input force and deflection output signal of a linear-time-invariant system [15, 16] . In this study, the vibration characteristics of the Kenyir Dam such as the natural frequencies, mode shapes and FRF are investigated using the modal and harmonic response analyses.
METHODOLOGY

3D Modelling of the Dam Power Station
Power station is one of the important parts in the Kenyir Dam structure. This section attached to the outlet of pressure tunnel and located at the downstream area of the dam. This section consists of main hydropower operational machines (turbine and generator) and office complex. There are four turbines with twenty wicked gates at each turbine to control the flow of water from upstream to downstream. The power station section is mainly built using concrete and reinforcement steel materials. Figure 1 shows the overall view of Kenyir Dam and the close-up view of the power station structure. For this simulation study, a real scale three-dimensional (3D) model of the power station structure is designed using SolidWorks software. Figure 2 shows the 3D model of the power station structure which includes the view from the upstream and downstream. The 3D model is drawn based on the as-built drawing provided by the station with an exact dimension of the real dam structure. Figure 3 . The boundary condition has been set according to demonstrate the real behaviour of the power station as in the real dam. The base of the power station section is set as fixed support to represent the foundation of the real structure that attached to the earth topography. This model is constructed using two type of materials which are concrete and steel. Concrete material is set for the main building structure while steel is for the reinforcement of the power station. Table 1 shows the detail of concrete and steel material properties that been set in the simulation which includes the density, Young's Modulus and passion ratio. Before performing the simulation, the mesh sensitivity analysis is conducted to investigate the influence of mesh quality to the result of simulation. Through this analysis, an optimum type of meshing can be determined. All three type of meshing which are automatic, hex dominant and tetrahedral are constructed for the FE model of the power station structure. The selection of optimum meshing is based on the most accurate result that been obtained with an appropriate number of elements and shorter computation time. The similar geometry shapes have been used for all three type of meshing to compare their performances. 
Modal Analysis (MA) of the Dam Power Station
The MA of dam power station is conducted using an ANSYS Modal-Harmonic workbench software to study the dynamic properties of the structure. This analysis is performed to determine the vibration characteristics of the structure in terms of natural frequencies, mode shapes and FRF curve. According to the D'Alemberts principle, for most of structural dynamic problems in any systems, the equation of motion in the frequency domain can be expressed by:
where is the dynamic mass, is the natural frequency, is the dynamic damping, is the dynamic stiffness, is the output displacement and is the input force. It can also be expressed as inertance (displacement/force) as in following equation:
Thus, the natural frequency of the structure is given by:
In this study, the CAD model is firstly designed in SolidWorks software before it is imported to the ANSYS software. The whole power station structure is then set as one part which shared the same topology. The maximum natural frequencies and mode shapes to be find is set to 30 with no frequency limitation search range and six most significant natural frequencies and mode shapes are chosen for the detail discussion.
RESULTS AND DISCUSSION
Meshing Sensitivity Results of the Dam Power Station
The results of natural frequencies and mode shapes for all three different types of meshing (automatic, hex dominant and tetrahedral) are shown in Table 2 . From the table, the lowest 1 st natural frequency that has been determined is for the hexdominant meshed with 2.4855 Hz followed by tetrahedral and automatic meshed with 2.5062 Hz and 2.5501 Hz, respectively. The detail number of nodes and elements for each meshing type is shown in Table 3 . From the table, it is realized that, the highest number of nodes and elements is for the tetrahedral meshed with 945834 and 541946 of numbers, respectively. Hex dominant meshed has a slightly smaller number of nodes and elements compared to the tetrahedral meshed with 822629 and 400285 of numbers, respectively. This happened due to shape of hex dominant which is in cube form while for tetrahedral the shape is tetrahedron form. The least number of nodes and element is for the automatic meshed with 560812 and 325068 of numbers, respectively. Figure 4 shows the graph of meshing sensitivity analysis for the power station structure. From the figure, it is proved that the hex dominant has the lowest natural frequency value which indicates this type of meshing is the most optimized. However, in this study, the type of meshing preferred is the tetrahedral due to the complexity shapes and geometries of the power station structure. Using this type of meshing, the error during the simulation can be avoided. Figure 5 shows the meshed FE model of the real power station structure that has been developed using ANSYS software. As the result determined in the previous section, the meshing type for the simulation is set as tetrahedral and the element size used is between 1.0 m to 5.0 m per element according to complexity of the part. This resulting the total amount of 545269 nodes and 314981 tetrahedral dominant elements for the whole power station structure of the dam. Meshing Sensitivity Analysis Table 4 shows the six most significant natural frequencies and mode shapes of the power station structure. It is clearly shown that, the 13 th mode shape affected the largest area of the power station structure with the natural frequency value of 9.3177 Hz and overall deflection value of 4.2572 x 10 -3 m. This mode shape caused the most significant deflection at the upper part of the main power station structure and office complex. The 1 st , 3 rd , 10 th , 19 th and 26 th modes occurred at 2.6077 Hz, 5.4193 Hz, 8.3772 Hz, 10.166 Hz and 11.613 Hz, respectively where at these natural frequencies and mode shapes, the deflection similarly occurred at the upper part of the main power station structure and office complex which lower value of deflection compared to the 13 th mode shape. Table 5 shows the FRF results of the dam power station structure in x, y and z axis directions. From the graphs shown in Table 5 , the highest natural frequency peak value occurred at 5.4 Hz in z axis direction of the power station structure with maximum deflection value of 0.90361 m. Whilst for x and y axes, the highest peak of natural frequencies occurred at 10.05 Hz and 10.2 Hz, respectively with the maximum deflection value of 0.88256 m in x axis direction and 0.78658 m in y axis direction. All three maximum deflection occurred is referred to the highly bended mode shapes at the upper part of the power station structure as shown previously in Table 4 . Any external induced vibration that coincides with these natural frequency values may destruct the structure of the dam power station due to resonance phenomenon. 
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